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20.  Continued 


^ tane  gave  an  intractable  mixture.  An  explanation  for  the  con¬ 
versions  is  discussed.  Addition  of  hydrocloric  acid  to  the  re¬ 
action  mixture  led  to  recovery  of  the  amine  (36%),  and  to  its 
conversion  (54%)  to  the  nitrosamine  _2_  without  the  detectable 
formation  of  benzaldehyde ;  in  contrast  nitric  acid  (100%)  and 
anhydrous  hydrogen  chloride  in  acetic  anhydride  converted  the 
amine  to  benzaldehyde  (69%)  and  to  the  nitrosamine  ^  in  low 
yield.  Nitrosamine  2^  and  N-methyl-N-nitroso- 6-phenethylamine  2. 
were  oxidized  to  nitramines  4  and  5. - 


' ''  C6H5(CH2)nN(CH3)2  CgHg (CH2 ) nN(CH3 ) NO^ 

n*l,x»l 

/  n  =*  2,  x  *  1 

n  »  1 ,  X  «  2 
n  »  2,  X  «  2  '  „  i 

Il.'^It  became  desirable  to  incorporate  a^functions  into  nitro- 
samines  to  provide  schemes  for  the  preparation  of  cage  struc¬ 
ture  high  energy  materials.  A  proposed  scheme  is  shown. 


A  mono-  and  a  diaDcylated  product  and  ^  were  obtained 
from  the  nitrosamine  and  benzaldehyde.  Attempts  to  achieve 
trialkylation  were  unsuccessful. 


mcumitv  ei.A»»ine*Tio*»  or  rmi 
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CH(0H)CgH5 


ONN  NNO 


CH{OH)CgH5 


NO 
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Other  alkylations  of  5-membered  and  6-membered  alicyclic 
bis-  and  tris-nitrosamines  were  similarly  obtained. 

The  preparation  of  a-azidodimethylnitrosamine  provided  the 
first  example  of  introducing  a  nitrogen  function  at  the  o-posi- 
tion  of  a  nitrosamine  by  the  direct  replacement  of  a  hydrogen 
atom. 


( (CH3)2CH)2NLi 

(CH3)2NN0  - >  CH3NCH2N3 

C7«7S02N3 

-78«  3h  oil,  30% 

Attempts  to  extend  the  reaction  to  the  tris-nitrosamine  ^ 
were  unsuccessful. 

III.  Nitroform  converted  p-nitrophenyl  isocyanide  into  the  me- 
soinic  3-p-nitrophenyl-l,2,3-oxadiazoliuni-5-olate  ^  and  3-p- 
nitrophenyl-1 ,2 ,3 ,4-oxatriazolium-5-olate  10 ,  together  with  p- 
nitroaniline;  it  converted  p-tolyl  isocyanide  into  the  mesoion- 
ic  3-( 2-nitro-4-methylphenyl-l ,2 »3-oxatriazolium-5-olate  toge¬ 
ther  with  2-nitro-4-methylaniline  and  p-methylanlline. 


p-0-NC,H.  (4 - X 


9  X  »  CH 

10  X  ■  N 


20.  Continued 


IV.  A  radical  intermediate  was  detected  by  EPR  during  the 
spontaneous  conversion  of  a  tert-o-nitrobenzylamine  11  to  an 


indazole  12 .  Further  investigations  is  underway. 


Nitrolys  of  CN  Single  and  Chemistry 
of  Nitro  and  Nitroso  Groups. 


I.  Project  Titles  and  Goals. 

A.  Nitraminee  from  Tertiary  Amines.  Sparse  information 
scattered  throughout  the  literature  was  to  be  organized  and  a  ge¬ 
neral  procedure  to  be  developed  and  published. 

B.  g-Functionalization  in  Nitrosamines.  An  exploratory 
investigation  of  functional  group  interchange  at  the  a-position 
of  nitramines  was  tc  be  continued. 

C.  Reactions  between  isocyanides  and  Nitroform.  An  inves¬ 
tigation  on  the  recently  discovered  reaction  between  nitroform 
and  isocyanides  was  to  be  concluded  with  a  publication  of  the  re¬ 
sults. 

D.  Intramolecular  Electron  Transfer  from  an  Amino  to  a  Ni¬ 
tro  Group. 

Collaboration  with  Dr.  M,  D.  Pace  of  the  Naval  Research 
Laboratory  was  undertaken  to  elucidate  radical  intermediates  de¬ 
tected  by  EPR  in  the  spontaneous  conversion  of  a  tert-o-nitroben- 
zylamine  to  an  indazole. 

II.  Project  Progress  Reports  on  I.  A-D. 

A.  Nitramines  from  Tertiary  Amines. 

The  following  manuscript  has  been  submitted  for  publica¬ 


tion 


Nitrosamines  from  Tertiary  Amines  and  Nitric  Acid  in  Acetic 
Anhydride 

By  Joseph  H,  Boyer,  T.P.  Pillai,  and  V.T.  Ramakr ishnan 

Chemistry  Department,  University  of  Illinois  at  Chicago,  Chicago, 
Illinois,  60680 

Abstract.  Nitric  acid  in  acetic  anhydride  converted  N,N-dimethyl- 
benzylamine  12  to  N-methyl-N-nitrosobenzylamine  21  (76%)  and  ben- 
zaldehyde.  Six  additional  acyclic  and  alicyclic  tertiary  amines 
similarly  gave  nitrosamines;  1,4-diazabicyclo [2,2,2]octane  gave 
an  intractable  mixture.  An  explanation  for  the  conversions  is 
discussed.  Addition  of  hydrochloric  acid  to  the  reaction  mixture 
led  to  recovery  of  the  amine  12  (36%),  and  to  its  conversion 
(54%)  to  the  nitrosamine  21  without  the  detectable  formation  of 
benzaldehyde;  in  contrast  nitric  acid  (100%)  and  anhydrous  hydro¬ 
gen  chloride  in  acetic  anhydride  converted  the  amine  12  to  benz¬ 
aldehyde  (69%)  and  to  the  nitrosamine  21  in  low  yield.  Nitros¬ 
amine  21  and  N-methyl-N-nitroso-B-phenethylamine  22  were  oxidized 
to  nitramines  22  and  2i.> 

Introduction.  In  seeking  preparations  of  nitramines  from  tertiary 
amines,  a  reinvestigation  of  the  formation  of  nitrosamines  from 
tertiary  amines  and  nitric  acid  in  acetic  anhydride^  was  under¬ 
taken  since  an  oxidation  would  provide  the  final  step. 
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Nitrosamines  1  and  nitramines  2  have  been  produced  from 
tertiary  amines  by  heterolyses  (eq  1,  x  »  1,2)^  of  the  N-nitroso- 
and  N-nitroammonium  cations  1  and  A;  but,  with  a  few  notable 
exceptions,^  these  have  failed  as  preparative  reactions.  Instead 
an  elimination  of  nitroxyl  from  the  cation  2  (R  »  R2CH)  generally 
predominated  (eq  2,  x  =  1).  A  current  explanation^  for  the  nitro- 
solysis  (eq  2,3;  x  »  1)  required  the  intermediacy  of  an  iminium 
cation  combination  with  nitrous  acid,  and  the  dissociation  of 
a  hemiaminal  nitrite  ester  Nitrosamines  were  also  obtained 
from  tertiary  amines  in  reactions  with  tetranitromethane 
(eq  4  with  dinitrogen  tetroxide  either  in  carbon  tetrachlor¬ 
ide  (eq  5  or  in  gas  phase  reactions, and  with  nitric 
acid.^® 


^NR  - ^ 

2,  X  ■  1  1,  X  “  1 

1,  X  =  2  2,  X  =>  2 


eq  (1) 


NOx  ..  +  V  + 

— ^  XhhT-^  >■' 

X  •  1,2  2 


CR2  +  HNOx 


-H+  \  \ 

2  +  HNO2  - ►  ^NCR20N0  - >  >NNO  +  R2CO 


^NCHR2  +  C(N02)4  - *  ^NNO  +  R2CO  +  HC(N02)3 

N2O4 

C5H5N(Ce3)2  - >  2,4-(02N) 2C6H3N(CH3)NO 

CCI4 


eq  (2) 

eq  (3) 

eq  (4) 
eq  (5) 
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Investigations  have  been  carried  out  on  the  N-methyl  deriva¬ 
tives  2  and  3.  of  piperidine  and  pyrrolidine,  N,N'-dimethyl- 
piperazine  2,  triethylamine  12,  tri-a-butylamine  11.,  N,N-diben- 
zylmethylamine  12,  N,N-dimethylbenzylamine  12,  N,N-dimethyl-B- 
phenethylamine  lA,  and  l,4-diazabicycloI2,2,2]octane  15. 


I 

X 


X 

I 


2,  X  =  CH3 
12,  X  =  NO 


a,  X  =  CH3 

12,  X  =  NO 


2,  X  =  CH3 
12,  X  =  NO 


R2NX 

12,  R  »  X  =  C2H5 

11,  R  *  X  =  XI-C4H9 

12,  R  =*  Cge5CH2»  X  =  CH3 
12,  R  »  C2H5,  X  =  NO 
22,  R  «  a-C4H9,  X  =  NO 


C6H5(CH2)nN(CH3)R 


12, 

n 

s 

1, 

R 

=  CH3 

lA, 

n 

= 

2, 

R 

=  CH3 

21, 

n 

1, 

R 

=  NO 

22, 

n 

= 

2, 

R 

=  NO 

22, 

n 

= 

1, 

R 

=  NO2 

2A, 

n 

s 

2, 

R 

=  NO2 

Experimental  Section. 

Instruments  included  Perkin  Elmer  237  B  and  521  grating 
i.r.,  Varian  A-60  and  T-60  n.m.r.  spectrometers.  Yields  were 
based  on  starting  materials  consumed.  Elemental  analyses  were 
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provided  by  Micro-Tech  Laboratories,  Skokie,  Illinois.  Unless 
otherwise  noted  product  identification  and  yield  were  determined 
by  gc  analysis  based  on  comparison  with  authentic  data.  The 
analyses  were  obtained  from  a  HP-5790  instument  with  a  HP-33 90A 
integrator (column:  3%  OV-17  on  80/100  Gas.  Chrom  Q,  stainless 
steel  6  ft  X  1/8  in;  carrier  gas,  nitrogen,  column  temp.  110°  to 
150°C,  with  FID  detector). 

N-Methyl  derivatives  1  and  a  of  piperidine  and  pyrrolidine, 
N,N'-dimethylpiperazine  2.,  triethylamine  LQ.,  tri-a-butylamine  U., 
N,N-dimethylbenzylamine  H,  1 ,4-diazabicyclo  [2,2,2] octane  15  . 
Eschenmoser's  salt,  nitrosonium  and  nitronium  tetrafluoroborates, 
diethyl-  12.  and  di-n-butylnitrosamine  22  were  commercially  avail¬ 
able.^^ 

N,N-Dimethyl-6-phenethylamine  li.  was  prepared  from  g-phene- 
thylamine  and  formaldehyde.^^  Dimethylnitramine  and  dimethylni- 
trosamine  were  obtained  from  dimethylcarbamoyl  chloride  and  sil¬ 
ver  nitrate.^®  Acetyl  nitrite  was  prepared  from  nitrosyl  chlor¬ 
ide  and  silver  acetate. Nitrosamines  12,^®  11,^®  19.^^ 
and  22^^^'^^  were  obtained  from  the  appropriate  secondary  amine 
and  a  nitrosating  agent.  The  p-nitro-N,N-dimethyl- 
benzylamine^S  and  2,4-dinitro-N,N-dimethylbenzylamine2®  were  pre¬ 
pared  from  the  appropriate  nitro-  and  dinitrobenzyl  halide  and 
dimethylamine.  The  and  p-nitro-^®  derivatives  of  N,N- 
dimethyl-S-phenethylamine  were  prepared  by  nitration.  The  Organic 
Synthesis  procedure^^  for  preparing  N-nitromorpholine  from  mor¬ 
pholine  and  acetone  cyanohydrin  nitrate  was  adapted  for  the 
conversion  of  N-methylbenzylamine^^  and  N-methyl-g-phenethyl- 
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amine^^  to  the  corresponding  nitramines  23^*^  and  2A. 

Prior  to  use  nitric  acid  was  treated  with  urea  to  remove  and 
/or  insure  the  absence  of  nitrous  acid. 

Warnings.  Mixtures  of  nitric  acid  and  acetic  anhydride 
(acetyl  nitrate)  can  be  explosive  at  higher  temperatures.^^  In 
our  experience  an  evolution  of  brown  fumes  was  moderate  at  65° 
and  excessive  at  90°.  Nitrosamines  and  nitramines  can  be  explos¬ 
ive  and  carcinogenic. 

Amines  aDd_nitric_acid  in  acetic  anhydride.  General  Procedure. 
Nitric  acid  (70%,  6.2  ml.,  0.09  mol)  was  added  dropwise  with 
stirring  to  acetic  anhydride  (30  ml.,  0.3  mol)  maintained  at  0°. 
An  amine  1-15.,  (0.03  mol)  was  added  dropwise  (about  10  minutes), 
the  reaction  mixture  was  warmed  and  kept  at  50°  for  30  minutes 
(evolution  of  dark  brown  fumes  of  nitrogen  dioxide)  and  then 
stirred  at  room  temperature  for  16  hours.  The  mixture  was  poured 
onto  crushed  ice,  treated  with  an  excess  of  solid  sodium  hydrox¬ 
ide  and  thoroughly  extracted  with  ether.  After  drying  (MgSO^) 
and  concentration  gc  analysis  determined  identification  and  yield 
of  the  nitrosamine;  ifi.f  43%;  11,  18%;  18,,  27%;  Hf  32%:  ZSLt  47%; 
21 .  76%;  and  22,  84%.  The  reaction  with  N,N-dimethylbenzylamine 
11  also  gave  benzaldehyde  (28%).  Onidentified  mixtures  also  ob¬ 
tained  from  amines  1-11  contained  amides,^  detected  by  ir. 

A  mixture  of  dinitrogen  tetroxide  (excess)  and  N,N-dimethyl- 
benzylamine  U  (15  mmol)  in  acetic  anhydride  (150  mmol),  prepared 
at  -5°  and  stirred  at  25°  for  14  h,  gave  the  nitrosamine  21 
(65%),  a  trace  amount  of  amides  (ir  1635  and  1705  cm~^) ,  and 


recovered  amine  li  (42%).  Benzaldehyde,  ir  1705  cm“^,  was  not 


detected  by  gc  (10“^  mole  would  have  been  noted). 

Amines  with  nitric  and  hydrochloric  acids  in  acetic  anhydride. 
After  a  stream  of  anhydrous  hydrogen  chlorde  bubbled  through  a 
solution  of  N,N-dimethylbenzylamine  (4.05g,  30  mmol)  and  nitr¬ 
ic  acid  (100%r  6.2  ml,  150  mmol)  in  acetic  anhydride  (30  ml,  30 
mmol)  at  0°  for  15  minutes,  the  mixture  was  stirred  at  25°  for  16 
hours.  After  the  usual  woricup  benzaldehyde  (69%)  id  the  ni- 
trosamine  21  (26%)  were  obtained. 

In  a  related  experiment  nitric  acid  (70%,  6.'  1.  90  mmol) 

and  acetic  anhydride  (30  ml,  30  mmol)  were  mixed  at  the  amine 
12.  (4.05  g,  30  mmol)  was  added  (10  minutes)  and  the  mixture 
warmed  to  50°.  Hydrochloric  acid  (39%,  about  0.5  ml)  was  added 
dropwise  as  a  vigorous  reaction  with  evolution  of  brown  fumes  of 
nitrogen  dioxide  occurred.  The  reaction  mixture  was  cooled  to 
25°  and  hydrochloric  acid  (39%,  9.5  ml,  9.5  mmol)  was  added 

dropwise.  After  the  reaction  mixture  was  stirred  at  25°  for  16 
hours  36%  of  the  amine  12  was  recovered  and  54%  was  converted  to 
the  nitrosamine  21o  A  possible  conversion  to  benzaldehyde  was 
limited  to  10%;  it  was  not  detected.  There  was  an  unidentifed 
product  (<5%). 

An  experiment  with  methyldibenzylamine  12^^  and  nitric  acid 
in  acetic  anhydride  with  hydrochloric  acid  at  25°  for  16  hours 
after  mixing  at  0°  gave  a  low  conversion  (14%)  to  N-nitroso-N- 
methylbenzylamine  21  (44%)  and  benzaldehyde  (33%).  Neither  di- 
benzylnltrosamine  nor  formaldehyde  was  detected. 

A  mixture  of  dinitrogen  tetroxide  (excess),  N,N-dimethyl- 
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benzylamine  Li  (15  mmole),  concentrated  hydrochloric  acid  (5 
mmole)  and  acetic  anhydride  (150  mmole),  prepared  at  -5°  and 
stirred  at  25°  for  14  h,  gave  the  nitrosamine  21  (90%),  trace 
amounts  of  amides  (ir  1635,  1705,  1760  cm"^),  and  recovered  amine 
Li  (19%).  Benzaldehyde  was  not  detected  by  gc. 

ILLtrat.e  and  nitrite  esters  from  Eschenmoser '  s  salt. 

Equimolar  portions  (5  mmol)  of  Es  c henm os e r ' s  salt 
+  — 

[(CH3)2N=CH2  I  ],  nmr  (CF3CO2H) :  63.16  (s,6)  and  6.46  (br  s,2), 
and  silver  nitrite  in  acetonitrile  (10  ml)  was  stirred  at  25°  for 
16  hours.  Precipitation  of  silver  iodide  was  noted  after  5 
minutes  and  became  quantitative.  Dimethylnitrosamine  was  detect¬ 
ed  after  10  minutes  and  identified  by  tic  comparison  with  an 
authentic  sample.  In  similar  experiments  Eschenmoser's  salt 
failed  to  react  with  silver  nitrate  in  acetonitrile  at  25°  for  5 
days;  however,  in  dry  THE  {10  ml)  at  25°  fcr  16  h  a  reaction  gave 
a  mixture  of  the  hemiaminal  nitrate  ester 
[(CH3)2N=CH2  NO3  4-^  (CH3)2NCH20N02]  ,  nmr  (CF3CO2H)  :  <^3.36  (s,6) 
and  7.50  (br  s,2),  and  silver  iodide  (quantitative).  Dimethylni- 
tramine  was  not  detected  by  either  tic  or  nmr;  an  authentic 
sample  gave  nmr  (CF3CO2H):  63.40  (s). 

Nitrosolysis.  To  a  slurry  of  nitrosonium  tetraf luoroborate  (5.2 
g,  44  mmol)  in  dry  chloroform  (100  ml)  a  chloroform  solution  of 
N,N-dimethylbenzylamine  LI  (2.7  g,  20  mmol)  was  added  at  25° 
under  a  nitrogen  atmosphere  and  stirred  for  70  h.  The  reaction 
mixture  turned  light  green  and  later  became  light  yellow.  Water 
was  added  and  the  organic  layer  was  washed  with  sodium  carbonate 
solution  and  water,  and  dried  (MgS04).  Removal  of  chloroform 


left  N-methyl-N-nitrosobenzylamine  21.  as  a  yellow  viscous  liquid 
(0.45  g,  61%  based  on  recovered  amine).  The  aqueous  solution  was 
treated  with  base  and  extracted  with  ether  to  recover  unreacted 
amine,  (2.0  g,  75%) . 

A  similar  reaction  with  N,N-dimethyl-8~phenethylamine  14. 
gave  the  nitrosamine  Z2.  (56%  based  on  73%  recovery  of  the  amine 
14)  . 

A  solution  N,N-dimethylben2ylamine  11  (2.7  g,  0.02  mol)  in 
acetic  acid  (60%,  100  ml)  buffered  to  pH  4  >  5  with  sodium  acet¬ 
ate  (13.6  g)  was  stirred  and  heated.  Sodium  nitrite  (13.8  g, 
0.2m)  in  water  (50ml)  was  added  slowly  (45  minutes)  and  the 
mixture  was  stirred  at  90^  for  two  hours.  It  was  cooled,  diluted 
with  water  (50  ml)  and  extracted  with  ether  (3  x  100  ml).  The 
ether  extract  was  washed  with  potassium  carbonate  solution  (10%) 
until  the  aqueous  layer  was  basic,  and  with  saturated  salt  solut¬ 
ion  and  then  dried  (MgSO^) .  Removal  of  the  solvent  left  a  yellow 
oil  of  benzylmethylnitrosamine  21.  (1.20  g,  68%).  The  aqueous 
layer  was  made  basic  with  potassium  hydroxide  and  extracted  with 
ether  to  recover  dimethylbenzylamine  (1.12  g,  41%). 

A  similar  reaction  with  N,N-dimethyl- g-phenethylamine  L4 
gave  the  nitrosamine  22.  (82%  based  on  50%  recovery  of  the  amine 
14)  . 

Equimolar  portions  of  acetyl  nitrite  (volatile  and  unstable) 
and  tri-n-butylamine  (no  other  solvent)  at  25°  for  14  hours 
failed  to  react.  After  the  mixture  was  treated  with  water  ether 
extraction  recovered  the  amine. 

Nitration.  To  a  stirred  slurry  of  nitronium  tetraf luoroborate 
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(6.2  g,  46  mmol)  in  1 ,2-dichloroethane  (40  ml)  N,N-dimethylbenz- 
ylamine  Li  (3.0  g,  22  mmol)  in  dichloroethane  solution  (10  ml) 
was  added  dropwise  under  a  nitrogen  atmosphere.  The  reaction 
mixture  was  heated  at  reflux  for  48  hr,  cooled  and  treated  with 
200  ml  of  cold  water.  The  organic  layer  was  dried  (MgS04)  and 
concentrated  to  a  semi-solid  residue  (200  mg)  of  m-nitrobenzalde- 
hyde,  a  small  amount  of  a-nitrobenzaldehyde,  and  a  trace  of  p- 
nitrobenzaldehyde.  The  aqueous  layer  was  made  basic  with  sodium 
carbonate  and  extracted  with  ether  to  give  a  liquid  mixture  (3.7 
g,  95%),  of  Q- ,  m-,  and  p-nitro“N,N-dimethylbenzylamines 
(10:85:1)  . 

A  similar  reaction  with  N,N-dimethyl- 8-phenethylamine  LA 
gave  a  red-yellow  oil.  mixture  (95%)  of  a-  and  p-nitro-N,N-di- 
methyl-8-phenethylamines  in  the  ratio  of  1:4. 

To  a  slurry  of  nitroniura  tetrafluoroborate  (5.0  g,  37  mmol) 
in  10  ml  of  cone,  sulfuric  acid  at  25°  in  a  flask  with  an  attach¬ 
ed  tube  of  Drierite  was  added  dropwise  N,N-dimethylbenzylamine  L2 
(4.05  g,  30  mmol)  in  cone,  sulfuric  acid  (5  ml).  The  light 
yellow  reaction  mixture  was  stirred  at  25^  for  7  days,  poured 
onto  ice,  treated  with  sodium  carbonate,  and  extracted  with 
methylene  chloride  (3  x  100  ml).  The  extract  was  washed  with 
water,  dried  (HgSO^) ,  and  the  solvent  was  removed  to  leave  a 
yellow  liquid  mixture  (5.92  g,  89%)  of  fl,  sir  and  p-nitro-N,N- 
dimethylbenzylamines  (7:90:1). 

A  similar  reaction  with  N,N-dimethyl- 8-phenethylamine  LA 
gave  a  yellow  oil  mixture  of  p-nitro-N,N-dimethyl-  -phenethyl- 
amlne  (65%  yield)  and  a  small  amount  of  unidentified  material. 


Nitramines.  N-nitroso-N-methyl-B-phenethylamine  22  (0.55g, 
3.3  mmol)  dissolved  in  glacial  acetic  acid  (10  ml),  was  treated 
with  hydrogen  peroxide  (30%,  1  ml)  dropwise,  heated  at  90*^  for  7 
hours,  cooled,  diluted  with  crushed  ice,  and  extracted  with  ether 
(3  X  50  ml).  The  ether  extracts  were  washed  with  water,  aqueous 
sodium  bicarbonate,  dried  (HgSO^) ,  and  evaporated  to  give  N- 
nitro-N-methyl-6-phenethylamine  2A  (O.Slg,  85%)  as  a  yellow  oil 
which  crystallized  from  low  boiling  petroleum  ether  as  a  color¬ 
less  solid  mp  39-40°.  Anal,  calcd  for  C9H22N2®2*  59.99;  H, 
6.71;  N,  15.55.  Found:  C,  59.95;  H,  6.71;  N,  15.55.  Ir(CHCl3): 
1510(s)  and  1290(s)  cm"!  (NNO2).  Nmr  (CDCI3):  (S2.95(t,  2H)  , 
3.18(s,  3H),  3.90(t,  2H)  and  7.16(5H). 

When  similarly  treated  N-methyl-N-nitrosobenzylamine  21  gave 
the  nitramine  21(87%)  as  a  yellow  oil. 30 

Results  and  Discussion.  Exposure  to  nitric  acid  (70%)  in  acetic 
anhydride  (acetyl  nitrate)  at  25°  for  ten  hours  left  the  amine  11 
unchanged.  This  confirmed  a  dependence  of  amine  conversion  on 
heating  the  mixture  at  50°  until  the  evolution  of  brown  fumes 
(nitrogen  dioxide)  became  vigorous.^-  The  amine  II  was  similarly 
unaffected  by  acetyl  nitrite  at  25°  and  was  recovered  completely. 
On  the  other  hand  nitrosonium  tetraf luoroborate  in  anhydrous 
chloroform  at  25°  converted  15  percent  of  the  amines  11  and  li.  to 
nitrosamines  21  and  21  -  presumably  by  heterolysis  of  nitrosoam- 
monium  cations  (eq  1)  since  nitrous  acid  was  apparently  unavail¬ 
able  for  conversion  via  hemiaminal  nitrites  (eq  2,3).  Nitronium 
tetrafluoroborate  in  dichloroethane  converted  no  more  than  five 
percent  of  amine  11  to  benzaldehyde,  isolated  as  a  mixture  of 


nitro  derivatives.  Insofar  as  it  failed  to  convert  amines  Li  and 
1 4  to  nitrosamines  il.  and  22  (eq  2,3)  or  to  nitramines  2i  and  2i. 
(eq  1)  the  probable  formation  of  a  nitroammonium  cation  A  was 
unproductive. 

The  conversion  of  a  tertiary  amine  can  proceed  from  initial 
attack  by  three  different  species:  nitrogen  tetroxide,  nitrogen 
dioxide,  and  nitrous  acid.  Radical  abstraction  of  an  a-hydrogen 
atom  by  nitrogen  dioxide,  proposed  earlier  (eq  6),^  can  be  fol¬ 
lowed  by  the  formation  of  both  the  pair  of  a  nitrosamine  and  a 
carbonyl  compound  and  the  competitive  oxidation  to  an  amide  (eq 
9).^  After  nitrous  acid  (not  present  initially)  became  available 
during  the  course  of  other  reactions  it  may  have  converted  the 
amine  in  the  traditional  way  (eq  2,3). 


NO2 

R2NCH2R  - >  R2NCHR 

-HNO2  I 


O2 

- >  RANCOR 

t-HO] 


i 

R2NCH(0N0)R 


& 


eq  (6) 


That  dinitrogen  tetroxide,  produced  in  situ  from  concen¬ 
trated  nitric  acid  in  acetic  anhydride  at  50®  (eq  7-9),^'^'^^ 
may  have  directly  participated  in  the  reaction  was  supported  by 
an  Independent  conversion  12  — >  22  by  authentic  dinitrogen 
tetroxide  in  acetic  anhydride  at  25°.  Ir  absorption  at  1705  cm"^ 
for  material  obtained  in  trace  amounts  was  attributed  to  the 
presence  of  amides  and  not  to  benzaldehyde  since  the  latter  was 
not  detected  by  the  gc  analysis  which  was  sensitive  to  10~^  mole 
of  the  aldehyde.  Presumably  the  amine  was  initially  quaternized. 


13 


Although  a  nitrosoammonium  cation  intermediate  (eq  2)  can  account 
for  the  required  productivity  (eq  3}  on  the  assumption  that 
either  dinitrogen  tetroxide  functioned  as  a  nitrite  reagent  or 
there  was  a  fortuitous  generation  of  nitrous  acid,  it  cannot  be 
differentiated,  at  this  time,  from  an  0-nitrosohydroxylammonium 
cation  25..  Formation  of  the  latter  after  an  electron  transfer, 
radical  pairing,  and  ejection  of  a  nitrite  anion  (eq  10)  is 
proposed. 

HNO3  +  AC2O  ^=^Ac0N02  +  AcOH  eq  (7) 

2  ACONO2  AC2O  +  N2O5  eq  (8) 


tetrani tromethane  (eq  4,10,  Z  =  C(N02)3)»^*^  Perhaps  a  lessee 
tendency  for  the  similar  departure  of  an  acetate  anion  precluded 
a  productive  reaction  between  a  tertiary  amine  and  acetyl  nitrate 
at  25°  . 

+-  NO  +  + 

(CH3)3N0  - >  (CH3)3N0N0  - ^  (CH3)2N*CH2  +  HONO 

+ 

-  H 

- >  (CH3)2NN0  +  CH2O  eq  (H) 

As  expected  the  unsymmetr ical  tertiary  amine  12  gave  benz- 
aldehyde  (28%)  with  the  coproduction  of  dimethylnitrosamine, 
detected  chromatographically,  and  the  nitrosamine  21  (76%)  with 
the  assumed  coproduction  of  formaldehyde,  undetected  (eq  12-14). 
+  + 

11  - >  CgH5CH=«N(CH3)2  +  Cgfl5CH2N(CH3)  =CH2  eq  (12) 

2i  22 

2S.  +  HONO  - >  CgHgCHO  +  [(CH3)2NN0J  eg  (13) 

21  +  HONO  - >  21  +  ICH2OI  eq  (14) 

Nitric  acid  in  acetic  anhydride  also  converted  N-methyl 
derivatives  1  and  S.  to  N-nitroso  derivatives  12  and  12  of  piperi¬ 
dine  and  pyrrolidine,  N,N'-dimethylpiperazine  1  to  N,N'-dinitro- 
sopipetazine  12,  triethylamine  12  to  diethylnitrosamine  12,^  tri- 
a-butylamine  11  to  di-a-butylnitrosamine  22/^  and  N,N-dimethyl-S- 
phenethylamine  14  to  N-methyl-N-nitroso-B-phenethylamine  22. 
These  reactions  were  generally  comparable  in  efficiency  to  the 
similar  conversions  with  nitrous  acid;  however,  nitric  acid  in 
acetic  anhydride  offered  faster  reactions  at  lower  temperature 
and  left  no  unreacted  tertiary  amine.  Aldehydes  from  amines  7-11 
and  14  presumably  underwent  further  changes  on  formation  and  were 


not  detected.  No  product  was  identified  in  the  intractable 
mixture  obtained  from  1 ,4-diazabicyclo  [2,2,2]  octane  LS.. 

Addition  of  hydrochloric  acid  introduced  the  Aqua  Regia 
reaction,  lowered  the  temperature  required  for  the  vigorous  elim¬ 
ination  of  nitrogen  dioxide, and  introduced  CKO)  and  Cl(+1). 
It  did  not  improve  the  efficiency  in  converting  an  amine  to  a 
nitrosamine  with  the  possible  exception  of  tri-n-butylamine  which 
gave  the  nitrosamine  2il  in  47%  yield  in  the  absence  of  hydro¬ 
chloric  acid  and  62%  yield  in  the  presence  of  hydrochloric  acid 
(corresponding  yields  of  5%  and  82%  were  previously  reported).^ 
A  low  conversion  of  dibenzylmethylamine  12  to  benzaldehyde  and  N- 
nitroso-N-methylbenzylamine  21  was  afforded  by  a  similar  reaction 
in  the  presence  of  hydrochloric  acid.  That  nitramines  were  not 
obtained  in  these  reactions  was  evidence  that  secondary  amines 
were  not  produced  as  intermediates®'^^  since  the  chloride  anion 
was  known  to  be  a  highly  effective  catalyst  for  the  nitration  of 
a  secondary  amine  to  a  nitramine.®^ 

A  dependence  on  the  reaction  medium  is  not  completely  under¬ 
stood.  At  the  present  time  the  high  yield  (69%)  of  benzaldehyde 
from  N,N-dimethylbenzylamine  12  in  a  reaction  with  nitric  acid 
(100%)  and  anhydrous  hydrogen  chloride  in  acetic  anhydride  is  in 
sharp  contrast  with  no  detectable  formation  of  benzaldehyde  from 
the  similar  reaction  with  nitric  acid  (70%)  and  hydrochloric  acid 
(39%)  in  acetic  anhydride.  Undetermined  low  yields  of  benzalde¬ 
hyde  and  dimethylnitrosamine  were  obtained  from  the  amine  12  and 
acetone  cyanohydrin  nitrate  in  exploratory  experiments;  neither 
the  nitrosamine  21  nor  the  nitramine  22  was  detected  in  the 
product  mixtures.  Further  investigations  to  clarify  these  forma- 
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tions  of  benzaldehyde  wert  not  made. 

Presumably  hemiaminal  nitrite  ester  formation  (eq  3)  was 
competitive  with  the  formation  of  nitrate  and  acetate  esters.  An 
independent  preparation  of  a  nitrate  and  a  nitrite  ester  consist¬ 
ed  in  the  treatment  of  Eschenmoser's  salt  2£  with  silver  nitrate 
and  with  silver  nitrite.  Silver  iodide  was  quantitatively  ob¬ 
tained  from  each  reaction  (eq  15,16);  the  former  gave  a  nitrate 
ester  which  did  not  dissociate  to  dimethylnitramine  in  agreement 
with  other  reports  on  the  greater  thermal  stability  of  hemiaminal 
nitrate  esters  relative  to  nitrite  esters. Reversibly  formed 
hemiaminal  esters  would,  of  course,  tend  to  be  converted  to 
nitrite  esters  as  the  latter  underwent  thermolysis. 

+  _  AgN03  25® 

(CH3)2N=CH2l  - >  ( (CH3) 2NCH2ONO2I  V  -  »  (CH3)2NN02  eq  (15) 

-  Agl  '  ' 

2a 


+  _  AgN03  25® 

(CH3)2N«CH2l  - >  [  (CH3)  2NCH2ONO]  - <>  (CH3)2NNO  eq  (16) 

-  Agl 

Aromatic  nitro  derivatives  were  obtained  in  high  yields  and 
without  detectable  competition  from  conversions  to  nitrosamines 
when  the  amines  U  and  11  were  treated  with  nitronium  tetra- 
fluoroborate  in  either  dichloroethane  or  concentrated  sulfuric 
acid.  The  amine  12  gave  predominantly  (>80%)  m-nitration  and  the 
amine  11  gave  op-nitration  (95%).'’'’ 

The  nitrosamines  21  and  22  were  readily  oxidized  to  N- 
methyl-N-nitrobenzylamine  22  and  N-methyl-N-nitro- 6-phenethyl- 
amine  21*^^  Hydrogen  peroxide  in  acetic  acid  afforded  the  nl- 
tramines  in  high  yields  and  the  nitramine  21  was  quantitatively 
produced  by  m-chloroperbenzoic  acid. 
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Results  of  Investigations. 

The  preparation  of  a-azidodimethy Initrosamine  provided  the 
first  example  of  introducing  a  nitrogen  function  at  the  o-posi- 
tion  of  a  nitrosamine  (eg  4)  by  the  direct  replacement  of  a  hydr¬ 
ogen  atom. 

( (CH3)2CH)2NLi 

{CH3)2NN0  - ^  CHINCH, 

C7H7SO2N3  Iq 

-78®  3h  oil,  30%  eg  (4) 


This  encouraged  investigations  of  the  chemistry  of  the  meth¬ 
ylene  groups  in  1 , 3 , 5-trinitrosohexahydro-l ,  3 , 5-triazine  _1_. 
Although  considerable  work  has  been  reported  during  the  last  two 
decades  on  the  base-catalyzed  alkylation  (and  related  reactions) 
at  the  a-position  of  nitrosamines ,  similar  reactions  on  polynitr- 
osamines  were  heretofore  unknown. 

A  mono-  and  a  dialkylated  product  2^  and  _3  were  obtained  from 
the  triazine  and  benzaldehyde  in  the  presence  of  potassium 
tert-butoxide  (eg  5,6).  Lithium  diisopropylamide ,  often  a  catal¬ 
yst  of  choice  for  base  catalyzed  reactions  of  nitrosamines,  unde¬ 
rwent  transnitrosation  with  the  nitrosotr iaz ine  to  give  diisop- 

ropylnitrosaraine  (eg  7).  It  failed  to  catalyze  a-substitutions 
ini. 
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K0C(CH3) 3 
CgHgCHO 

- ^ 

THF 

-TS®  Ih 
-40**  2h 


^H(OH)CgH5 

onn'^^^nno 

I  JcH(OH)CgH5 


NO 

3  mp  170-174“  ,  40% 


eq  ( 6 ) 


( (CH3) 2CH) 2NLi 

1  - »  ( (CH,) ,CH) ,NNO  80% 

THF  ^  ^  ^ 

-78“  4h 
-40“  Ih 

+25“  lOh  eq  (7) 

Attempts  to  achieve  base  catalyzed  reactions  between  the 
triazine  and  methyl  iodide,  ethyl  iodide,  benzyl  bromide, 
toluenesulf onyl  azide  (compare  eq  (1)),  and  0-raethylhydroxylamine 
were  unsuccessful.  It  was  decided  to  investigate  1 , 3-dinitrosoi- 
midazoiidine  _4_  and  1 , 3-dinitrosohexahydropyr imidine  1_  to  gain 
insight  and  experience.  Both  compounds  were  readily  alkylated 
(eq  8-10) 


NaOH(50%) 

- + 

CgH5CH2N(C2H5) 3CI 

25“  12h 


5 


^  80% 
mp  70-72“ 


eq  ( 8 ) 


(  (CH3)2CH)2NLi 


7 


NaOH{ 50%) 


CgH5CH2N(C2H5)3Cl 
CgH5CH2Br 
3  days 
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CH2C6H5 


_3^,  oil,  50%  based  on 
recovery  (30%)  of  1_ 


eq  (10) 


Ring  size  may  be  controlling  reactivity.  Deuterium  exchange 
occurred  within  15  minutes  with  the  five  membered  heterocycle 
whereas  the  six  membered  homolog  1_  required  12  hours  to  give  the 
comparable  quantitative  conversion  eq  (11).  Attempted 
deuteration  of  led  to  decomposition. 


Attempts  to  benzylate  compound  ^  to  give  a  dibenzyl  derivative  of 
7  have  been  unsuccessful. 
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C.  Reactions  between  Nitroform  and  Isocyanides. 

The  following  manuscript  has  been  published:  J.  Chem.  Soc., 
Chem.  Commun.,  1983,  1388. 

Mesoionic  Oxadiazolium-olates  and  Oxatriazolium-olates  from  Aryl 
Isocyanides  and  Nitroform 

Joseph  H.  Boyer,*  T.  Moran,  and  T.  P.  Pillai 

Chemistry  Department,  University  of  Illinois  at  Chicago,  Chicago, 
Illinois  60680,  U.S.A. 

Nitroform  converted  p-nitrophenyl  isocyanide  into  the  mesoi¬ 
onic  3-p-nitrophenyl-l , 2 , 3-oxadiazol ium-5-olate  (2)  and  3-p-ni- 
trophenyl-1 , 2 , 3 ,4-oxatriazolium-5-olate  (3),  together  with  p-ni- 
troaniline;  it  converted  p-tolyl  isocyanide  into  the  mesoionic  3- 
( 2-nitro-4-methylphenyl)-l ,2,3-oxatriazolium-5-olate  together 
with  2-nitro-4-methylaniline  and  p-methylaniline. 


A  new  reaction  between  nitroform  and  p-nitrophenyl  isocya- 
nide  (1)  gave  the  mesoionic  heterocycles,  3-p-nitrophenyl-l , 2 , 3- 
oxadiazolium-5-olate  (2)  and  3-p-nitrophenyl-l , 2 , 3 , 4-oxatriazoli- 
um-5-olate  (3),  and  a  trace  of  p-nitroaniline  (4). 

Equimolar  portions  of  p-nitrophenyl  isocyanide  (1)^  and  ni- 
troform^  in  a  mixture  of  hexane  and  ether  at  25*C  became  light 
yellow  then  brown  during  20  rain  and  evolved  brown  fumes  (nitrogen 
dioxide)  after  about  2  h.  The  mixture  was  stirred  for  14  h  at 
25*C.  Removal  of  solvent  left  a  paste  which  was  applied  to  an 
alumina  column.  A  mixture  (1:9)  of  ethyl  acetate  and  benzene 
eluted  p-nitroaniline  (4) (4%),  m.p.  and  mixed  m.p.,  148-149*C^ 


and  the  same  solvent  mixtures  with  ratios  1:5  and  5:1  eluted  the 
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oxatriazol ium-olate  {3){42%),  m.p.  167-168®C,^  i.r.  (KBr): 

1825s,  1785s  (CO),  1540s  (NO2),  and  1340s  cm"^  (NO2);  m/z  (70  eV) 
178  (10%)(M-30)  and  122  ( 100 ) ( 02NCgH4 ) ;  n.m.r.  (CDCI3):  6  8.41 
(d,  2H,  J  9  Hz)  and  8.65  (d,  2H,  J  9  Hz);  and  the  oxadiazoliura- 
olate  (2) (6%),  m.p.  197-198*C  (decomp. ),^  i.r.  (KBr);  1700m 
(CO),  1590s,  1520s  (NO2),  and  1340s  (NO2)  cm"^;  m/z  (70  eV) :  209 

(3%)(M+  2),  191(8),  174(12),  164(90),  122(15)  (05NCgH4),  and 
90( 100) (CgH^N) . 

Under  comparable  conditions  nitroform  converted  p-tolyl  iso¬ 
cyanide  (5)^  into  the  mesoionic  compound  (6) (48%),  m.p.  140- 
141®C;  satisfactory  analyses  for  C,  H,  and  N;  i.r.  (KBr);  1790s 
(oxatriazolium-olate) ,  1535s  {NO2),  and  1350s  (NO2)  cm~^;  n.m.r. 
(CDCI3)  and  CD3SOCD3);  6  2.65  (s,  3H,  CH3),  7.90  (d,  IH,  J  8 
Hz),  8.06  (d,  IH,  J  8  Hz),  and  8.16  (s,lH);  m/z  (70  eV) ; 

192( 15%) (M  -30)  and  164 ( 100 ) { C7HgN302 ) ;  2-nitro-4-methylaniline 
(8)(21%)  m.p.  115-117‘’C,®  and  a  small  amount  of  p-toluidine 
(7)  (3%)  m.p.  and  mixed  m.p.  45-46*C.^  A  trace  of  the  isocyanide 
(5)  was  recovered;  an  oxadiazole  was  not  detected. 

Quilico  obtained  the  mesoionic  oxatriazolium-5-olate3  (11) 
and  nitrogen  dioxide  in  1932  by  warming  ary lazotrinitromethanes 
(10),  the  unstable  adducts  from  aryladiazonium  cations  (9)  and 
the  anion  of  nitroform.**  Initial  o, a-elimination  of  dinitrogen 
tetroxide  from  the  methane  (10)  is  proposed  to  enable  the  conver¬ 
sion  (10)  ■*•(11)  and  the  dehydrobroraination  of  the  arylhydrazones 
(13)  of  bromonitroformaldehyde  to  produce  the  oxatriazolium- 
olates  (11)^  to  share  a  nitronitrilimine  intermediate  (12)  and 
its  isomerization  to  a  nitrosaminoisocyanate  (14),  an  open-chain 
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tautomer  of  the  heterocycle  (ll).t 


p-0,NCgM,N  =  C: 

(  1  ) 


MCINO;)] 


NH  p-XCjM^NC  +  MClNOjjj  - »  fl- XC5M^N  =  CHC;NOj)3 


M5)X iNOj 
;16:  X  =  y« 


p-MeCjH^NC 


hC(nOj)j 


(  2)  X«  CM 

NO, 

(  3  )  X  .  N 

(  A  ) 

p-0,NCjH^NCH  =  CNO, 

-*  ; -O.NC.M  n:m  =  c  =  C  -»•  .2 
‘  1 

-.0, 

NH, 

(  17  ) 

NO 

1 

Me 

(7)X«H 

>C(N0J. 

'  N^ 

(19) 

- -  M.U  11 

C(N0,). 

!a)X«  NOj 


ArN=N;  +  C(N02)3  — ►  ArN  =  NC(NO})j 
19)  (10) 


ArN^ 

+  2N0j 


it?2  MHCH=C(N0, 


a 


ArNHNsCNOj 


ArNN^CNO,  *  ‘  -  (10) 


ArNNCO 

I 

NO 


hC'NOj  )j 
-CMjINOj); 


.CK< 


N  =  CMC(N0j)3 


The  anils  (15)  and  (16)  were  the  expected  a,a-adducts  from 
nitroform  and  the  isocyanides  (1)  and  (5).®  Their  interTnediacy 
was  supported  by  the  isolation  of  the  aniline  derivatives  (4)  and 
(7).#  A  zwitterion  (17)  and  the  isomeric  nitrosamino-ketene  (18) 
are  proposed  intermediates  to  correlate  the  conversion  (15) ♦(2) 
with  ( 10) ♦( 11) 


T  The  complete  identification  of  pathyways  for  the  conversions 
(10)-»(11)  and  (15)*(2)  awaits  further  investigation.  A  minimum 
of  two  rearrangements  are  required  for  the  creation  of  new  NN  and 
CO  bonds  in  each  conversion. 

*  The  anilines  (4),  (7),  and  (8)  are  formed  during  chromatogra¬ 
phic  separation  of  the  product  mixture.  Under  the  conditions 
employed  the  isocynides  (1)  and  (5)  and  the  heterocycltsS  (2)> 

(3),  and  (6)  were  not  hydrolysed. 
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Insofar  as  it  would  have  initiated  a  similar  conversion  into 
an  oxadiazolium-S-olate  which  was  not  detected,  an  a,a-elimina- 
tion  of  dinitrogen  tetroxide  from  the  anil  (16)  did  not  occur. 

To  account  for  the  ortho-nitro  groups  in  the  products  (6)  and  (8) 
a  rearrangement  of  the  anil  to  the  alinlinoethene  (19)  followed 
by  conversion  into  the  anil  (20)  by  a  Michael  addition  of  nitro- 
form  and  an  elimination  of  d initromethane  is  proposed. Hydroly¬ 
sis  of  the  enamine  (19)  and/or  the  anil  (20)  could  account  for 
the  formation  of  the  aniline  derivative  for  amine  (8).  The  con¬ 
versions  (20)-»'(6)  and  (15)-»(3)  were  apparently  related. 

The  formation  of  the  oxatriazol ium-olates  (3)  and  (6)  from 
the  isocyanides  (1)  and  (5)  requires  a  replacement  of  ArNC-  by 
ArNN-.  Although  this  conceivably  could  occur  by  interaction  be¬ 
tween  dinitrogen  tetroxide  and  anils  or  other  intermediates,  a 
more  detailed  statement  awaits  further  investigation. 

Financial  support  was  received  from  O.N.R. 
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